WORLD INTELLECTUAL PROPERTT ORGANIZATION 
Internationa] Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internationa] Patent Classi6cation ^ : 




(11) Internationa! Publication Number: 


wo 96^8420 


A61K 49/00 


Al 










(43) International Publication Date: 


20 June 1996 (20.06.96) 



(21) Internationa! Application Number: PCT/IB95/01 124 

(22) International Filing Date: 14 I>ccmbcr 1995 (14.12.95) 



(30) Priority Data: 

94810731.3 16 December 1994 (16.12.94) EP 

(34) Countries for which the regional or 

international application was filed: CH ct al 



(71) Applicant: BRACCO RESEARCH S.A. (CH/CHJ; 7. route de 

Drizc, CH-1227 Carougc (CH). 

(72) Inventors: YAN, Feng; 12. route dcs Acacias. CH-1227 
Gcnfcvc (CH). SCHNEIDER, Michel; 34, route d'Annccy, 
CH-1256 Troincx (CH). BRiXHOT. Jean; L'AgnclIu, F- 
74160 Fcigires (FR). 

(74) Agent: TOMOV-GRISOCJONO, Ncnad; Bracco Research S.A., 
7, route de Driic, CH-1227 Carougc (CH). 



(81) Designated States: AU, CA. CN, CZ, FI. HU. IS, JP, KR. MX. 
NO. N2. PL, RU, UA. European patcni (AT. BE. CH. DE. 
DK, ES. FR. GB, GR. IE, IT. LU. MC, NL. PT, SE). 



Published 

With international search report. 



(54) Tiae: METHOD OF STORAGE OF ULTOASONIC GAS SUSPENSIONS 
(57) Abstract 

Disclosed are suspensions of gas microbubblcs immobilised within a frozen aqueous carrier liquid comprising usual additives and 
stabilisers, in which the carrier liquid is physiologically acceptable, the irmnobiliscd gas mtcrobubbles arc microbubblcs bound by an 
evanescent envelope or a tangible membrane. The suspensions, when in liquid fonn, are injectable and useful as a contrast agent in 
ultrasonic imaging of blood pool and tissue of living beings. The gas microbubblcs arc immobilised within the carrier by freezing a 
suspension of microbubblcs with average sizes below 50 |im. preferably below 10 and more preferably between 2 /im and S fim, to a 
temperature between -1 •C and -76 'C and maintaining this temperature for prolonged periods of time. The microbubblcs may be stabilised 
by a surfactant such as a lamellar phospholipid or oiay comprise a membrane made of synthetic or natural polymer or protein. A method 
of cold storage of microbubble suspensions as well as their use is also disclosed. 



Codes used to identify 
applications under the PCX. 



FOR THE PURPOSES OF INFORMATION ONLY 

States party to the per on the front pages of pamphlets publishing international 



AT 


Auttiii 


GB 

GE 

CN 

GR 

HU 

IE 

IT 

JF 

KE 

KG 


AU 


Austnlia 


BB 


BartMdos 


BE 


Bdgioni 


BF 


Burkina Ftso 


BG 


Bulgnis 


BJ 


Benin 


BR 


BnzU 


BV 


BelafW 


CA 


Csuda 


CF 


Cenotl AfricM Republic 


KP 


CG 


Coofo 


KR 
KZ 
U 
LK 


CH 


SwttzeHtnd 


a 


CCcc d'lvoire 


CM 


Cimerooa 


CN 


Chtfu 


cs 


Czectmlovikia 


LU 
LV 
MC 
MD 
MG 
ML 
MN 


cz 


Czech Republic 


DE 


Genntny 


OK 


Denmtric 


ES 


Spain 


n 


FfflUnd 


FR 


Freoce 


GA 


Gabon 





United Kingdacn 

Georgia 

Gtunct 

Greece 

Hiint>n^ 

Ireland 

Italy 

Japan 

Kenya 

Kyifytuii 

Dcmocmic People's Republic 
of Korea 

Republic of Korea 

Kazakhstan 

Liechtenstein 

Sri LankA 

Luxembourg 

LarvU 

Monaco 

Republic of MoWovt 

Madagascar 

Mali 

Mongctia 



MR 


Mauritania 


MW 


Malawi 


N£ 


Niger 


NL 


Netherlands 


NO 


Norw«y 


NZ 


New Zealand 


PL 


F^>Und 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TC 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


US 


United Stales of America 


uz 


Uibckisian 


VN 


Vict Nam 



wo 96/18420 



PCT/IB95/0in4 



1 

METHOD OF STORAGE OF ULTRASOMC GAS SUSPENSIONS 

Technical Field 

The invention relates to suspensions of gas bubbles immobilised 
within a frozen aqueous carrier medium. The invention also concerns a 
method of cold storage of the gas bubble suspensions and their use as 
contrast agents for ultrasonic imaging of human and animal body. 

Background Art 

Rapid development of ultrasound contrast agents in the recent years 
has generated a number of different formulations which are useful in 
ultrasound imaging of organs and tissue of human or animal body. These 
agents are designed to be used primarily as intravenous or intra-arterial 
injectables in conjunction with the use of medical echographic equipment. 
These instruments typically group B-mode image formation (based on the 
spatial distribution of backscatter tissue properties) and Doppler signal 
processing (based on Continuous Wave or pulsed Doppler processing of 
ultrasoiuc echoes to determine blood or liquid flow parameters). Other 
ultrasound imaging methods could also benefit from these agents in the 
future, such as Ultrasound Computed Tomography (measuring 
attenuation in transmission), or Diffraction Computed Tomography 
(measuring scattering and attenuation parameters in angular reflection). 
Based on suspensions of gas microbubbles in aqueous liquid carriers, these 
injectable formulations may basically be divided into two categories: 
Aqueous suspensions in which the gas microbubbles are bounded by the 
gas/liquid interface, or an evanescent envelope involving the molecules 
of the liquid and a surfactant loosely bound at the gas to liquid interface 
and suspensions in which the microbubbles have a material boundary or a 
tangible envelope formed of natural or synthetic polymers. In the latter 
case the microbubbles are referred to as microballoons. There is yet 
another kind of ultrasound contrast agents; suspensions of porous 
particles of polymers or other solids which carry gas microbubbles 
entrapped within the pores of the microparticles. These contrast agents 
are considered here as a variant of the microballoon kind. Although 
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nhvsically different, both kinds of gas microbubbles when in suspension 
are useful as ultrasonic contrast agents. More on these different 
formulations may be found in EP-A-0 077 752 (Schering), EP-A-0 123 235 
fScheriire) EP-A-0 324 938 (Widder et al.), EP-A-0 474 833 (Schr^eider et al.), 
EP-A-0 458 745 (Bichon et al.), US-A-4,900,540 (Ryan), US-A-5,230,882 
(Unger), etc. 

Certain of the above mentioned ultrasound contrast agents are 
developed and commercially available, while others are at different stages 
of clinical trials. However, whether commercially available or on chnical 
tests these products all suffer from problems linked with storage. The 
problems of storage are intrinsic to suspensions which, due to their very 
nahire, undergo phase separation or segregation, gas bubble aggregation, 
aas diffusion and, after long periods, even precipitation of various 
additives. Segregation of the gas microbubbles or microballoons comes 
from the fact that the suspensions are typically made °f 

majority of the gas bubbles in the known suspensions is found to be 
between 1 fim and about 10 jun. Due to the microbubble size distribution, 
these suspensions, during storage, undergo segregation in which larger 
microbubbles migrate to the top while the smaUer ^^^^ ^^^^'^^^^^^^ 
lower parts, often leading to complete phase separation. Attempts to 
resolve this problem through the use of viscosity enhancing agente have 
shown that the rate of segregation may be reduced but not eUminated. 

Gas microbubble aggregation is a process during which the larger 
bubbles absorb the smaller ones, thus growing in size. With phase 
separation, this process accelerates and suspensions with miaobubbles 
having average size of e.g. between 2 ^un and 8 ^un after a while may 
evllve in suspensions with microbubble size between e.g. 5 .m to 12 .m 
or larger. This is particularly undesirable in cases where suspensions of 
calibrated microbubbles and suspensions intended for opacification of the 
left heart are concerned. The change in size does not only alter the 
echogenic properties of the contrast agent, but also renders the agen 
inapplicable for certain appUcatior. such as those based on the passage of 
the microbubbles through the lungs. Microbubbles with sizes over 10 ,m 
are unlikely to pass through the lung capillaries and therefore, m addition 
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to creating hazardous conditions such suspensions are less suitable for 
imaging of the left heart. 

Another problem with gas suspensions and their storage comes 
from the gas diffusion which occurs at relatively low rates, but which 
accelerates with phase separation. Inevitable escape of the gas from the 
microbubble suspensions is thus further aggravated and in extreme cases 
may lead to complete gas depletion of the medium. Hence, the combined 
effect of these various mechanisms on destruction of the gas suspensions 
therefore results in a very rapid degradation of the agent. 

In some ultrasound imaging aproaches, one of the desirable aspects 
of these contrast agents is for the microbubbles or gas-containing particles 
to be distributed within a tight size window. The reason is given hereafter. 
The effectiveness of these agents to increase the contrast in images 
produced by medical ultrasonographic equipment is based, primarily, on 
greatly enhanced scattering of the incoming ultrasonic energy, and 
secondly, on modified attenuation properties of the tissues containing 
these agents. By contrast, it is meant a measure of the relative signal 
amplitude obtained from regions to be perfused by the contrast agent 
compared with the signal amplitude from regions not receiving the 
contrast agent. By enhancement, it is meant an increase in the contrast 
value observed following administration of the contrast agent, compared 
to the contrast observed prior administration. As mentioned earlier, the 
type of imaging equipment most directly benefitting from these agents is 
the family of echographic instruments (B-mode or Doppler). The different 
attenuation properties of tissues containing the agent compared to those 
not contairung the agent can also be exploited to improve the diagnostic 
value of the imaging procedure. Fturthermore, the ultrasonic-frequency 
dependence of both the scattering and attenuation properties of the agent 
can be exploited to increase spatial tissue discrimination further. In these 
cases, the physical laws governing this frequency dependence 
systematically depend on the microbubble- or particle-size. Thus, the 
algorithms used are more efficient when acting on echoes originating 
from microbubbles or particles with tight size-distribution. As an example, 
one such approach exploits non-linear oscillation of microbubbles to detect 
echo frequency-components at the second-harmonic of the fundamental 
excitation frequency. Since the tissues not containing the contrast agent do 
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not exhibit the same non-linear behaviour as the microbubbles, th,s 
n^ethod is able to enhance signiftcantly the contrast between the regions 
containing and those not containing the contrast agent. This enhancement 
is more pronounced, for a given particle-count per unit volume when the 

5 sizes are narrowly distributed. However, the preparation of products wxth 
such narrow-size distributions is time consuming; providing a ready 
supply of these calibrated suspensions would facilitate greatly the further 
development and use of this technique. Reliable storage o such 
preparations with unchanged size distributions is thus also of great 

10 interest. 

Further difficulties with storage of aqueous gas suspensions is 
experienced with ultrasound contrast agents which contain phosphohpuis 
as stabiUsers of the gas microbubbles. Due to hydrolysis of phosphohpids, 
15 the concentration of the stabilizer (surfactant), during storage, .s constantly 
diminished, causing loss of the microbubble content ^""^ ^^^^""^^^^^""l 

T/ uL Jnd conws, agents comprismg gas microbubble suspe„«ons 



20 



25 



30 



35 



remains open. 



cold storage of aqueous gas suspensions by fteezmg J™-;™ 
for quite some «me in the food industry, for «'«»P'=' 
(cJeral Foods Corp.) disdoses storage of g«»fled ice wth high gas content 
S^good storage ^Uity by a n.ete»l in which gasified tee .s pre^ 
by contacting an aqueous liquid with hydrate-formmg S^^J^ 
pLsure and at a temperature such that the gas hydrate comp ex 
Lpended in the Uquid is formed and the tempera^ire 
controUably lowered lo produce e.g. carbonated .ce with 85-110 ml of 
CO /g. A-Lrding to the document, a» gasifi«i ice has hrgh gas content 
pro onged storage stabiUty. is suitable for commercial ""^'b" 
Len suite and, when placed in water, provides vigorous effervescence. 

I, foUows that freezing of the gas suspensions in order to store them 
for prolonged periods of time, and reuse the preserved suspemions when 
lZ,y LI no, be suitable for ultrasonic contrast agents because the 
suspended gas has a tendency to escape from the carrier med.um dunng 
defLang. Further difficulty with the frozen gas suspens.ons of 
microbubbles Ues in the fac, that the expansion of the carrier medium 
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during the freezing creates internal forces which simply destroy or crush 
the microbubble envelope liberating the entrapped gas and letting it escape 
either during storage or later during defrosting of the suspension. This 
problem is particularly severe for the suspensions of microbubbles having 
5 material or tangible envelopes. 

Summarv of the Invenrion 

10 Briefly summarised, the invention relates to frozen suspensions of 

gas bubbles immobilised v^ithin a frozen aqueous carrier medium in 
which the carrier medium comprising the gas bubbles with usual 
additives is a physiologically acceptable carrier. The immobilised gas 
bubbles are microbubbles bound by an evanescent envelope or a tangible 

15 membrane and the suspensions, when in liquid form, are injectable into 
living beings and are useful as a contrast agents for ultrasonic imaging of 
the blood pool and tissue of human and animal patients. 

According to the invention, the temperatures of the frozen 
20 suspensions are between -l^^C and -196**C, preferably between -10°C and 
-76°C while the size of the gas microbubbles is below 50 ^xm and preferably 
below 10 ^m. Particularly useful are suspensions in which the size of the 
microbubbles is between 2 |im and 9 ^im, while the suspensions of 
microbubbles with size between 3 jun and 5 jim are even more useful. 

In view of the difference in biodegradability between the 
suspensions comprising gas microballoons or microbubbles with a 
tangible envelope in which the membrane is made of synthetic or natural 
polymer or protein, and the suspensions comprising gas microbubbles 
with evanescent envelopes, the frozen suspensions of the latter would be 
more advantageous, particularly when lamellar phospholipids in the 
form of mono- or pluri-molecular membrane layers are used. 

The invention also relates to a method of storing microbubble 
suspensions in which the suspension is placed into a cooling device, 
microbubbles are immobilised within the carrier medium by cooling to a 
temperature below the freezing point of the suspension, preferably a 
temperature between -rc and -196°C, and more preferably between -10°C 
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and -76°C, and the freezing conditions are maintained for prolonged 
periods of hme. Optionally, the frozen suspension may be '^ept m an 
atmosphere of an inert gas or a mixture of gases, at least one of wluch is 
the gas encapsulated in the microbubbles. The gas is preferably selected 
from halogen containing gases, air, oxygen, rutrogen, carbon dioxide or 
mixtures thereof. 

Use of injectable suspensions of the invention for ultrasonic 
echography imaging of organs and tissue and the manufacture of 
ultrasound contrast agents is also disclosed. 



Prif f Pi^n-T^"" Drawings 

15 Figure 1 is a plot of change in the bubble concentration (count) in 

defrostefsuspensions of SF6 and air containing 5% of Cs^u microbubbles 
in an aqueous carrier medium as a function of storage temperature. 

Figure 2 is a plot of change in the total gas volume of defrosted 
20 suspenses of SF^ and air containing 5% CsFn microbubbles in an 
aqueous carrier medium as a function of storage temperature. 

Figure 3 is a graphical presentation of change in absorbance of 
defrosted microbubble suspensions as a function of external pressure 
25 appUed and storage temperature. 

Figure 4 is a diagram showing change of relative absorbance as a 
function of external pressure applied to defrosted suspensions after 
storage at different temperatures. 

Figure 5 is a diagram showing *e microbubble si.. dUWbubon in 
number (Fig. 5A) 8« volume (Fig. SB) of calibrated microbubbles w.* 
average size of 3 jim, 4 ^m and 6 |im. 

Figure 6 is a diagram showing the microbubble size disHbuton m 
number ffig. 6A) and gas volume (Fig. 6B) for a sample of non-calibrafed 

microbubbles. 
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Detailed Description of the Invention 

According to the invention, there is provided a frozen suspension 
of gas microbubbles in which the microbubbles are immobilised within a 
frozen aqueous carrier medium which in addition to the microbubbles 
includes usual additives. The aqueous carrier is physiologically acceptable 
and the suspension, when in a liquid form is injectable into living beings 
and is useful as an ultrasound contrast agent for imaging of blood pool 
and tissue of human and animal patients. The immobilised gas 
microbubbles bound by an evanescent envelope or a tangible membrane 
are entrapped between molecules of the frozen carrier medium whose 
temperature is between -1°C and -196''C, preferably between -10°C and 
-76°C. The exact temperature range used will depend on the choice of gas 
in the microbubbles but also on the kind and quantity of additives used. 
Thus, for example, in the case of air or nitrogen, the temperature may be 
anywhere between -1°C and -196**C, while, in the case of C4F8, the 
temperature will be between - VC and -5°C. When polyoxypropylene/ 
polyoxyethylene copolymers or polyethylene glycol are used as additives 
depending on the total amount present in the suspension the highest 
acceptable temperature may be -5^C or even -10°C instead of -1°C. 

The size of most of the miaobubbles in the suspension is typically 
below 50 liuir but for intravenously injectable contrast agents the 
microbubble size will be preferably below 10 ^im. 

For most applications the suspensions with microbubbles having 
the size distribution between 2 fim and 9 ^m would satisfy the 
requirements, however, when dealing with suspensions of calibrated 
microbubbles the sizes may be anywhere in that range. For example, 
between 2-4 jim, 3-5 jim, 4-6 fim, 5-7 jim, 6-8 jmi, 7-9 |im however the 
microbubble with the size range between 3 |im and 5 is preferred. 

Thus the invention also provides frozen suspensions of 
microbubbles with a very narrow size distribution. Typical microbubble 
size distributions of suspensions of calibrated microbubbles will be as those 
illustrated in Fig. 5. where the distributions are given in terms of the 
microbubble number distribution (as determined by Coulter counter) Fig. 
5A and in terms of the microbubble volume distribution (as determined 
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by Coulter counter) Fig. 5B. In contrast to suspensions contammg 
calibrated microbubbles, the suspensions containing non-calibrated gas 
bubbles will have typically the number and the volume size distribution 
patterns similar to those shown in Figures 6A & 6B. From these figures it 

5 is readily appreciated that the echographic responses suspensions made 
from calibrated gas microbubbles will be more uniform, will provide less 
scatter and consequenly sharper images than the suspensions with non- 
calibrated microbubbles. As already mentioned these calibrated 
suspensions are very desirable but their use so far was very lixmted. Thus 

,0 these desirable suspensions are now readily available through a simple 
conversion of frozen suspensions which may be stored at low 
temperatures for prolonged periods of time without undue loss of their 
initial echogenicity. 

A further advantage of the invention comes from the fact that ir^ 
order to generate echo-signal components at twice the fundamenta 
frequency, second harmonic imaging requires non-linear osallaUon of 
the contrast agent. Such behaviour imposes the ultrasound excitation 
level to exceed a certain acoustic threshold at a certain depth m tissue. 
During non-Unear oscillation, a frequency conversion takes place, causing 
conversion of the acoustic energy from the fundamental excitaUon 
frequency up to its second harmonic. Hius significant energies trar^nutted 
to L microbubbles during this type of imaging require microbubbles 
sufficientiy resistant to survive these conditions. ^^"^^^^^^^^ 
25 for an easy and convenient access to suspensions of having microbubbles 
with good resistance to pressure variations as they can now be prepared m 
advance, stored and used when needed. 

As already mentioned, in addition to the gas microbubbles, the 
30 frozen suspensions of the invention contain additives which indude 
various surLants, viscosity enhandng agents, stabilisers, etc. Surf actan s 
which may indude film forming and non-film forming surfadan s 
include phospholipids in lameUar or laminar form whid. a- known o 
stabilise the microbubble evanescent gas/liquid envdope The lamel a 
35 phospholipids may be a in the form of mono- or pluri-molecular 
membrane layers or liposomes. 



20 
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Depending on the type of microbubbles, i.e. with evanescent 
envelope or a tangible membrane the carrier medium may include as 
additives hydrating agents and/or hydrophilic stabiliser compounds such 
as polyethylene glycol, carbohydrates such as galactose, lactose or sucrose, 
dextran, starch, and other polysaccharides or other conventional additives 
like polyoxypropylene glycol and polyoxyethylene glycol and their 
copolymers; ethers of fatty alcohols with polyoxyalkylene glycols; esters of 
fatty acids with polyoxyalkylated sorbitan; soaps; glycerol-polyalkylene 
stearate; glycerol-polyoxyethylene ricinoleate; homo- and copolymers of 
polyalkylene glycols; polyethoxylated soya-oil and castor oil as well as 
hydrogenated derivatives; ethers and esters of sucrose or other 
carbohydrates with fatty acids, fatty alcohols, these being optionally 
polyoxyakylated; mono-, di- and triglycerides of saturated or unsaturated 
fatty acids; glycerides of soya-oil and sucrose may also be used. Surfactants 
may be film forming and non-film forming and may include 
polymerizable amphiphilic compounds of the type of linoleyHecithins or 
polyethylene dodecanoate. Preferably, the surfactants are film forming and 
more preferably are phospholipids selected from phosphatidic acid, 
phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine, 
phosphatidylglycerol phosphatidylinositol, cardiolipin, sphingomyelin 
and mixtures thereof. In addition to the film forming surfactants 
mentioned, the suspensions may further include up to 50% by weight of 
non-laminar surfactants selected from fatty adds, esters and ethers of fatty 
acids and alcohols with polyols such as polyalkylene glycols, 
polyalkylenated sugars and other carbohydrates, and polyalkylenated 
glycerol. Particularly suitable substances include dicetylphosphate, 
cholesterol, ergosterol, phytosterol, sitosterol, lanosterol, tocopherol, 
propyl gallate, ascorbyl palmitate and butylated hydroxytoluene. 

It is understood that the invention is not limited only to the 
suspensions of gas microbubbles with an evanescent envelope. Any 
suitable particles filled with gases such as porous particles, liposomes or 
microballoons having an envelope produced from phospholipids, 
synthetic or natural polymers or proteiris may conveniently be used. Thus 
it has been established that microballoons prepared with albumin, or 
liposome vesicles can be successfully stored for prolonged periods of time 
in the frozen state. Defrosted suspensions containing these microballoons 
have demonstrated acceptable echogenicities showing a relatively small 
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microbubble loss. Suspensions m wWch the m.crobubbles were stab.Used 
with sorbitol or non-iomc surfactants such as polyoxyethylene/polyoxy- 
propylene copolymers (commercially known as PluromcO) have 
demonstrated equally good imaging capabUity after storage. 

The additives used for the suspensions of the invention may 
further include viscosity enhancers and/or stabUisers selected from Imear 
and cross-linked poly- and oligo-saccharides, sugars, hydrophdac polymers 
and iodinated compounds. In such case the ^V^f ^^^^^^ 
compounds to the surfactants comprised is between about 1:5 to 100:1. 

The suspensions according to the invention and prepared with 
different gases or gas mixtures usuaUy contain 10^ - 10« microbubbles/ml, 
irio'microbubbles/ml or 10^ - 10^0 microbubbles/ml. These 
concentrations remain virtually the same after P-J°y<^ ^^f^^^ 
several months, and if suspensions are made with SF6,C3F8 or theu 
mixures or mixures of air with SF6 or C5F12 they do not change even after 
repeated freeze and thaw cycles. 

When the microbubbles in the suspension have a tangible 
n^embrane, the membrane is made of synthetic or -^^^^[^^ZIZ 
protein. The polymer which constitutes the envelope or boundmg 
Lelane of ^ injectable microballoons can be selected from most 
hydrophiUc, biodegradable physiologically compatible Polyrr^ers J^^ 
sich polymers one can cite polysaccharides of low water solubxhty 
polylactides and polyglycoUdes and their copolymers, -polymers of 
LLs and lactones such as e-caprolactone, B-valeroIactone and 
polypeptides. The great versatiUty in the selection of synthetic polymers is 
herl^advantage since, as with allergic patients, one may wish o avoid 
using microbaUoons made of natural proteins (albumin, gelatin)^ Other 
suitable polymers include poly-(ortho)esters, copolymers of lactic and 
;^^:olic LI, poly(DL-lactide-co-a-caprolactone), PolyiV^l^^^^^c^^ 
valerolactone), poly(DL-lactide-co-g-butyrolactone) polyalkyl-cyano- 
acrylates; polyamides, polyhydroxybutyrate; polydioxanone; poly-fi 
amLketoL, Wosphazenes and polyanhydrides^ 'Z"^ 
such as polyglutamic and polyaspartic acids can also be used as well a 
their deLtfves, i.e. partial esters with lower alcohols or glycols. One 
useful example of such polymers is poly-(tert-butylglutamate). 
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When the membrane is made from proteinaceous material the 
protein is albumin. 

Although in conjunction with suitable surfactants and stabilisers, 
5 halogen containing gases, air, oxygen, nitrogen or carbon dioxide may be 
used alone, recently, use of mixtures of the halogen containing gases with 
air, oxygen, nitrogen and carbon dioxide has also been proposed . The 
halogen containing gases are gases selected from sulphur hexafluoride, 
tetrafluoromethane, chlorotrifluoromethane, dichlorodifluoromethane, 

10 bromotrifluoromethane, bromochlorodifluoromethane, dibromodi- 
fluoromethane dichiorotetrafluoroethane, chloropentafluoroethane, 
hexafluoroethane, hexafluoropropylene, octafluoropropane, hexa- 
fluorobutadiene, octafluoro-2-butene, octafluorocyclobutane, deca- 
fluorobutane, perfluorocyclopentane, dodecafluoropentane or mixtures of 

15 thereof and preferably sulfur hexafluoride, tetrafluoromethane, 
hexafluoroethane, hexafluoropropylene, octafluoropropane, hexafluoro- 
butadiene, octafluoro-2-butene, octafluorocyclobutane, decafluorobutane, 
perfluorocyclopentane, dodecafluoropentane. 

20 The invention also relates to a method of storing microbubble 

suspensions in which the suspension is placed into a cooling device such 
as a refrigerator, microbubbles are immobilised within the carrier medium 
by cooling to a temperature below the freezing point of the suspension, 
preferably a temperature between -1°C and -196*^C, and more preferably 

25 between -10*^C and -76°C the freezing conditions are maintained for 
prolonged periods of time. Optionally, the frozen suspension is kept in an 
atmosphere of an inert gas or a mixture of gases at least one of which is 
the gas encapsulated in the microbubbles. The gas is preferably selected 
from halogen containing gases, air, oxygen, nitrogen, carbon dioxide or 

30 mixtures thereof. 

It has been established that gases or gas mixtures used for the frozen 
suspension of the invention should have boiling points which are below 
-18°C. This means that suspensions made with halogenated gases such as 
35 C4F8 and C5F10 alone will have very poor storage stability and will lose 
practically all of their echogenicity after freezing. This was particularly 
surprising since all other halogenated gases produced very stable frozen 
suspensions which survived several freeze/thaw cycles without 
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significant loss of echogenicUy. Even "doping" these gases w.th small 
amounts of other halogenated gases or even vapours of halogenated 
substance which at room temperatures are liquids such as C5F12 has 
produced mixtures which could not be stored froren. On the other hand 
admixing air with certain quantities of these gases have produced 
suspensions which have had very good storage stability and very good 
echogenicity after several freeze/thaw cycles. 

As mentioned above, when in a liquid state, the injectable 
suspensions of the invention are useful as contrast agents for ultrasonic 
imaging of organs and tissue. Clearly, prior to use, the suspensions are 
defrosted and optionally maintained at room temperature for a perxod of 
Hme and then administered to the patient. The patient is then scanned 
with an ultrasonic probe and an image of the scanned region is produced. 

Also within the scope of the invention is a method of the 
manufacture of ultrasound echographic contrast agents from the frozen 
injectable suspensions of the invention. By the ^'^^^^^^^ 
that fairly concentrated suspensions (e.g. lOiO-lO" m.crobubbles/ml or 
more) of calibrated or uncaUbrated microbubbles are stored m a frozen 
state for a period of time and when needed defrosted suspensions are, 
optionaUy, diluted to the desired concentration by addition of the same or 
a different physiologically acceptable liquid carrier. It is also envisaged that 
at this point further additives or conditioners may be added. 

The invention is further iUustrated by the foUowing examples: 



pyample 1 



Fifty eight milligrams of diarachidoylphosphatidylcholine (DAPC), 
2 4 mg of dipalmitoylphosphatidic add (DPPA) both from Avanti Polar 
Upids (USA) and 3.94 g of polyethyleneglycol (PEG 4000 - Siegfried 
were dissolved at 60°C in tert-butanol (20 ml) in a round bottom glass 
vessel. The dear solution was rapidly cooled at -AS^C and lyophil.ed 
Aliquots (25 mg) of the white cake obtained were introduced in 10 ml glass 
vials The vials were closed with rubber stoppers, evacuated, and fiUed 
Ih selected gases or gas mixtures (see Table 1). Saline (0.9% NaCl) was 
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then injected through the stoppers (5 ml per vial) and the lyophilisates 
were dissolved by vigorous shaking. 

The microbubble suspensions were introduced in a cold storage 
5 room (-18^C). Three days later they were thawed at room temperature 
(23°C) and analysed with regard to bubble concentration (by using a 
Coulter Multisizer) and absorbance at 700 nm of a 1/50 dilution. The 
absorbance at 700 nm is a measure of the overall turbidity of the bubble 
suspension. 



TABLE 1 



Gas or gas 


Boiling point 


Water 


Absorbance 


Bubbles 


mixture 


(°C) 


solubility* 


(% of initial) 


recovered (%) 


air 


-195 


0.0167 


33 


14 


SF6 


-63.8 


0.005 


57 


23 


C3F8 


-36.7 


«0.005 


59 


54 


C4F8 


-6 


0.016 


11 


8 


QFio 


-1.7 


<0.005 


7 


4 


air (45% C5F12) 


-195 


0.0167 


71 


49 


air (+10% C5n2) 


-195 


0.0167 


55 


34 


air (+10% C4F8) 


-195 


0.0167 


50 


30 


air (+10% C4F10) 


-195 


0.016 


52 


32 


SF6(+5%C5F12) 


-63.8 


0.005 


62 


41 


C3F8(+5%C5F12) 


-36.7 


«0.005 


84 


71 


QF8(+5%C5F12) 


-6 


0.016 


7 


6 


C4Fio(+5% C5F12) 


-1.7 


<0.005 


1 


1 


Xenon (+5%C5F12) 


-108.1 


0.108 


38 


17 



* expressed as Bunsei coefficient 



10 Results given in Table 1 show that the stability to freezing depends 

on the boiling point and the water solubility of the gas. Less bubbles are 
recovered in the case of gases with boiling points above -18°C. With regard 
to the gases with boiling points below -18°C, the lower the solubility in 
water the higher the recovery of bubbles. It is also interesting to note that 

15 the addition of a small amount of a high molecular weight gas with low 
water solubility such as dodecafluoropentane (C5F12) improves the 
recovery of bubbles after thawing in the case of gases with low boiling 
points but not for gases with boiling points above -18X. Finally, 
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„.icrobubbles fUled w.th QFs and C^F.oon the. own or .n " - 
Tmall amounts of dodecafluoropentane have very poor stabxhty to 
n Jlwme However, when these gases are used m combination 
susp^^ ons of microbubbles containing the mixtures show better 
Tetults in terms of echogenicity or the microbubb.e loss than the 
suspensions containing air microbubbles. 



Exfimple 2 



15 



suspensions of Sf, nucrobubblas prepared as described m Example 
were to«n slowly (approx. 30 min) .0 or rapidly (wto a nunute) 
::ZsT^TslpZ^ a SF« mloobubbles were firs. kep. a. room 
to -45 C. otner s p ^^^^^^ ^^^^^^ freezing. 

0= were bomoseneo^ » 

the solution. The frozen suspensions were stored at -18 C and -45 C 
one month and then defrosted. 

TABLE 2 



25 



Test 


Bubble cone. 
I r/o of initial) 
16 


Bubble volume 
(% of initial) 
39 


Slow freezing (-18°C) 
Rapid freezing (-45''C) 
TWanted M8»C) 


24 
14 


51 
34 


Homogeneous (-18°C) | 24 


61 



. Xbe resul. in Table ^^^^2 'of'^r^r! 

"et r case^. suspensions of decanted 

microbubbles. 

T:;v;aTnple 3 

tlT^ZZ^P^^^^-- Coroform-mefbanol 
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(2/1), then evaporating the solvents to dryness in a round bottomed flask 
using a rotary evaporator. The residual lipid film was dried in a vacuum 
desiccator. After addition of 100 ml of distilled water the suspension was 
incubated at 7G^C for 30 min under agitation. The liposome suspension 
was adjusted to a final lipid concentration of 25 mg per ml by addition of 
distilled water. 

An aliquot of the hposome suspension (100 ml) was introduced in a 
gas tight glass reactor equipped with a high speed mechanical emulsifier 
(Polytron). The gas phase in the reactor was air containing 5% C5F12 (as 
determined by density measurement). After homogenisation (10*000 rpm, 
1 min) the milky suspension obtained was introduced in a decantation 
funnel. After 6 hours, a white layer of bubbles could be seen on top of the 
solution. The lower (liposomes containing) phase was removed, a small 
amount of fresh water added and the microbubble layer rehomogenised. 
The procedure (decantation) was repeated and four samples with different 
microbubble sizes were prepared (see WO94/09829). The samples were 
frozen at -18°C and 24 hours later thawed to room temperature. 



TABLE 3 



Initial 


Diameter 


Bubble 


Absorbance 


diameter 


Dn after 


cone. 


700 imi 


Dn (fim) 


freeze/thaw 


(% of initial) 


(% of initial) 


2.5 


2.5 


19 


20 


4.6 


4.5 


60 


68 


6.0 


6.2 


86 


100 


7.6 


8.1 


76 


91 



From the results obtained (Table 3) it seems that the freeze/thaw 
treatment does not have an influence on the mean microbubble diameter. 
From the experiments it appears that microbubbles with larger diameter 
(>2.5 ^m) withstand the freeze/thaw treatment better than microbubbles 
with smaller diameter. It is further observed that in certain cases the rate 
of defrosting may influence the final concentration of the microbubbles 
present in the sample. The exact relationship is still unclear, however, 
there are indications that the loss of microbubbles is inversely 
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proportional to the defrosting rate. PreUmxnary results -d-ate that better 
results in terms of microbubble concentration (count) and the total 
volume of gas in the suspensions are obtained at accelerated defrosting i.e. 
defrosting carried our in a water bath at 25°C than when the samples are 
left at 5°C or 20°C to defrost more gradually. The largest loss of gas volume 
was observed for samples defrosted at 5°C. 



) 



p.yample 4 



The experiment described in Example 3 was repeated using a 
mixture of surfactants instead of MLVs. The surfactant mixture was 
rrd by dissolving 1 g of dipalmitoylphosphatidyiglycerol (DPPG Na 
salt from Avanti Polar Upids, USA) and 3 g of Pluronic® a copolymer 
of polyoxyethylene-polyoxypropylene with a molecular weight of 8400) m 
dismied water (80 ml). After heating at about 70°C a clear solution was 
obtained. This solution was cooled at room temperature and the volume 
lof^H tn 100 ml with glycerol. The surfactant solution was 
inttoduc^ in *e glass tight reactor equipped with . Polytron emulsAer. 
After hcmogerusaUon (lO'OOO rpm, 1 min, a -1^^ -^P;-" 
obtained with on top a layer of foam. T^e foam was discarded and the 
lower phase containing 10» microbuhbles per ml was recovered ms 
ohase was left for several hours before collecting the white mtcrobubble 
iaver. The microbubbles collected were rehomogeni«d in distiUed water, 
dinted a seoo^l time and frozen/thawed as described prevously When 
Xring the charac^ristics of the bubbles before and after freeing no 
sLL J variaaon in the total bubble concentration (before 1.3 x 108 
bubWes per ml, after 1.25 x IC^). or the mean diameter Dn (before 4.0 ,m, 
after 3.9) was observed. 

SF6 bubbles were prepared as described in Example 1 and decanted as 
described in Example 3. During the removal of the lower aq-ous phase, 
'reVivalent volume of SF, gas was introduced in the funnel. The ubbl 
aver was resuspended in distilled water, 0.9% NaCl, 3% aqueous glycerol 
olu til and 100 mg/ml trehalose solution. The bubble concentratior. 
and absorbance at 700 nm (after diluUon) was determined prior to and 
after a freeze-thaw treatment. 
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The results in Table 4 show an excellent recovery of the bubbles 
independently of the suspension medium. It is important to note that the 
microbubble recovery here is betw^een 66 and 96% v^hich may seem in a 
contradiction with previous results reported in Table 1 & 2. However, in 
5 this case, firstly, the microbubbles are calibrated i.e. more stable than 
uncalibrated ones, and secondly the size on the bubbles used here is above 
4 (im. 



TABLE 4 



Suspension 
medium 


Absorbance 

700 nm 
(% of initial) 


Bubble 
cone. 
(% of initial) 


distilled water 


69 


66 


0.9% NaCl 


86 


92 


3% glycerol 


92 


96 


100 mg/ml trehalose 


89 


73 



Exampl? 6 

Decanted SFs microbubbles were obtained as described in Example 5. 
The microbubble layer was suspended at different bubble concentrations in 
0.9% NaCl, then frozen at -18°C, stored for about 4 months and thawed at 
room temperature. 



TABLE 5 



Bubble c 


•oncentration 
08/ml) 


Bubb 
( 


>le volume 
Hi /ml) 


Bubble diameter 
(^m) 


native 


freeze /thaw 


native 


freeze /thaw 


native 


freeze thaw 


1.9 


1.9 (1.9)* 


6.8 


6.0 (5.5)» 


3.1 


3.0 (2.9)* 


3.9 


3.7(3.3) 


14.7 


11.5 (9.4) 


3.1 


2.8 (2.6) 


5.9 


5.7(5.4) 


22.6 


20.4 (18.6) 


3.1 


3.0 (3.0) 


7.7 


7.6 (6.1) 


28.3 


24.6 (17.0) 


3.0 


2.9 (2.7) 



* in parenthesis, results obtained after a second freeze/thaw treatment 
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The results gathered in Table 5 show no signiHcant effect of the 
bubble concentrahon on the resistance to freeze/thaw. Even a second 
free'e/thaw treatment which was perfom»ed after the storage dtd no 
e, ec. the final concentration, showing that these suspensuins are t-eststant 
^Lated freeze and thaw cycles even after storage without great loss ,n 
,he bubble count and datnage to the echogenicity of the satnples. 



10 



15 



20 



25 



sonicated albunun microspheres were prepared using .he rnethod 
described in EP-A-0 324 928 (Widder). Briefly, 5 ml of a sterJe 5/, hum n 
a^min soluHon (from the Blood Transfusion Servtce of the Swss Red 
CmsT Bern Switzerland) were introduced in a 10 ml calibrated syrmge. A 
^"ca,rprobe (Mode. 250 from Branson Ultra^ruc Corp. USA) was 
in'o the soluUon down to the 4 ml mark. Sonicauon was carr^d 
ol for 30 sec a, an energy setting of 7. Then the sonicator probe was ratsed 
up to t* * ml marX (fe. above the solution level) and somcafon was 
pCed in the pulse mode (03 s/cyde) for 40 seconds. After removal of a 
foTm layer a suspension of albumin microspheres was obtained 
IZiilri 5 X IC^bubbles per ml with a number mean diameter of 3.6 
suspension was frozen a. -18" and left at this tempera^re 
'rerJ^t Tl» day after the suspension was thawed at room temperance. 
ThHS^™ on analysed before and after freeze/thawing had the 
following characteristics: 

TABLE 6 



Sample 
(with air) 


Absorbance 
700 nm 


Bubble cone, 
(x 108/ml) 


Diameter 
Dn {\im) 


native 


0.25 


1.4 


3.6 


after freeze/thaw 


0.13 


0.4 


6.3 
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microspheres against freeze/thaw loss of bubble count was greatly 
improved (see Table 7). From the results obtained with albumin 
microspheres it can also be seen that freeze/thaw cycles in case of air 
microbubbles are detrimental for the lower end of sizes of the microbubble 
population i.e. that the microbubbles with average size of about 5 jim or 
more have better resistance and chance of survival than the smaller 
microbubbles. 



TABLE 7 



Sample 
(air + 5% C5F12) 


Absorbance 
700 nm 


Bubble cone 
(x 108/mI) 


Diameter 
Dn (fim) 


native 


0.64 


2.4 


3.7 


after freeze/thaw 


0.39 


1.1 


4.3 



Example 8 

When 3 g of saccharide microparticles SHU-454, a commercial echo 
contrast agent (Echovist®, Schering, Germany) were reconstituted in a 
galactose solution (8.5 ml, 200 mg/ml) as recommended by the 
manufacturer and submitted to a freeze/thaw treatment, only few bubbles 
were present in the solution after thawing. If 10 mg per ml of a mixture of 
dipalmitoylphosphatidylglycerol and Plutonic® Fes (1-5, w:w) were added 
to the galactose solution prior to the addition of the saccharide 
microparticles, stable microbubbles could be obtained at a concentration of 

2.5 X 10^ bubbles per ml. After freezing and thawing the bubble 
concentration dropped, about three orders of magnitude, to 2.3 x 10^ per 
ml indicating a considerable loss of microbubbles during the treatment. 
However if prior to reconstiturton, air in the gas phase was replaced by a 
mixture of air containing 10% C5F12, the bubbles were more stable and also 
more resistant to a freeze/thaw treatment. The loss of micr(±>ubbles in the 
later case was only 2.3 x 10^ as the concentration dropped from 3.9 x 10^ to 

1.6 X 10^ bubbles per ml. 
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Polymeric microballoons were prepared using the technique 
described in Example 4 of EP-A-0 458 745 (Bracco International). The 
polymer used in this preparation was poly-POMEG which is described in 
US 4'888'398 The microballoons were suspended at a concentration of 1.8 
X 108 particles per ml in distUled water, 0.9% NaCl 5% dextrose, and 3% 
glycerol. Each of these suspensions was frozen then thawed. No detectable 
change was observed after thawing, neither on the total particle 
concentration, nor on the mean particle diameter. 

Fvample 10 

A quantity of 126 mg of egg lecithin and 27 mg of cholesterol were 
dissolved in 9 ml of diethylether in a 200 ml round bottom flask. To the 
solution were added 3 ml of 0-2 molar aqueous solution of sodium 
bicarbonate with ionophore A23187 and the resulting two phase system 
sonicated until becoming homogeneous. The mbcture was evaporated to 
^ dryness on a Rotavapor and a 3 ml of a 0.2 molar aqueous bicarbonate 
solution were added to the flask containing the Upid deposit. 

After standing for a whUe, the resulting Uposome suspension was 
dialysed against saline to eliminate non-entrapped bicarbonate and 
acidified. After a whUe it was washed with distilled water and then passed 
several times through a cascade of carbonate fUters. An aUquot of he 
suspension of Uposomes with size below 50 m was then frozen at -18 
and stored at this temperature. Two weeks later the suspension was 
thawed at room temperature. The suspension analysed before and after 
freeze/thawing showed an acceptably low loss of echogenicity and 
microbubble count. 



35 



pvample 11 



Procedure of the Example 3 was repeated using SF6 and air 
containing 5% C5F12 as the gas phase and the samples of the resulting 
suspension were frozen at -18»C, -45»C, -VS^C and -196<>C. After thirty days 
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of Storage at the corresponding freezing temperatures the samples were 
defrosted and suspensions analysed. The results obtained are presented in 
Table 8. The concentration of microbubbles in the samples before freezing 
was 11-6 X 107/ml for SF^ and 9.8 x 10^/ml for the air/5% C5F12 mixture 
5 while the respective volumes of gases in the samples prior to storing were 
2.9 jil/ml and 5.9 |il/ml. The average microbubble diameter for the two 
gases was 2.3 ^m and 4.2 |im. 

From the results it follows that the lower the temperature of storage 
10 the greater loss in the microbubble concentration and the total amount of 
gas recovered upon defrosting. The results further show that for defrosted 
samples of suspensions with SF^ the average diameter at first increases 
and then as the temperature is lowered sharply decreases. For the air/5% 
C5F 12 mixture there is a relatively small change in the microbubble 
15 diameter. Results also show that the average microbubble diameter 
decreases with decrease in the storage temperature. As shown in Fig. 1 for 
suspensions with SF6 and air/C5Fi2 mixture only 51.7% and 52% of the 
initial microbubble population is recovered after storage at -196°C. 
However, as seen from Fig. 2 the total gas volume recovered after the 
20 storage for SF6 is 21.1% of the initial volume while for air/C5Fi2 mixture 
the volume recovered is 46.5%. This indicates that the the size of 
microbubbles in the case of suspensions prepared with SF6 has changed, 
i.e. that the microbubbles recovered have reduced diameters. 



TABLE 8 





Gas 


Diam 


Bubble 




Gas 


Gas 


Diam 


Bubble 


Gas 


volume 


Dn 


cone. 


Temp. 


mixture 


volume 


Dn 


cone. 




recov. 


after 


xl07 


°C 


air with 


recov. 


after 


xl07 




Ul/ml 


thaw 


recov 




5%C5Fi2 


Ul/ml 


thaw 


recov 


SF6 


2.3 


2.4 


10.0 


-18 


air/C5Fi2 


5.5 


4.6 


7.7 


SF6 


2.8 


2.6 


7.9 


-45 


air/C5Fi2 


4.2 


4.5 


6.2 


SF6 


1.8 


2.5 


6.7 


-70 


air/CsFn 


3.9 


4.4 


5.6 


SF6 


0.6 


2.0 


6.0 


-196 


air/C5Fi2 


2.7 


4.0 


5.1 
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Fig. 3 and 4 illustrate the effect of freezing or storage temperature on 
the resistance to pressure change of suspensions of microbubbles 
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containing a mixture of air with 5% C5F12. In the diagran. m Fig. 3 
absorbance (measured at 700 nm) is presented as a function of pressure 
applied onto suspensions after storage for three days at different 
temperatures. From this diagram it follows that the decrease in the storage 

5 temperature has an impact on the properties of the suspensions such that 
the change in properties of the suspensions stored at temperatures 
between -18°C and -VG^C is significant while the change for the samples 
stored between -76°C and -196°C is relatively small. Thus maintaimng 
storage temperatures below -76«C does not seem to provide further 

10 advantages. In view of the costs involved chosing temperatures below 
-76*>C may be justified only in exceptional cases. 

Fig 4 on the other hand shows that if suspensions of microbubbles 
containing air/5% of C5F12 mixture are stored for three days at low 
15 temperatures their resistance to pressure variation remains relatively 
unchanged while the same suspension kept during the same period at 

"ff °^ci^i§" absttt i"0%"©f4ts-i^^^^^ 

The exact procedure and importance of critical pressure and the 
20 absorbance measurement has already been explained in EP-A-G 554 213 
incorporated herein by reference. 



25 



30 



Fxnirp'e 12 

Two-dimensional echocardiography was performed using an 
ACUSON 128 XP 5 equipment (Acuson Corp. USA) with the preparations 
of Example 1, 3 and 7 in experimental minipigs following peripheral vem 
injection of 0.04 ml/kg body weight. Left ventricle echo contrast 
enhancement was assessed in the case of native as well as frozen/thawed 
samples. No significant differences were noticed even in the cases of 
samples such as the ones described in Example 7 for albumin 
microspheres, indicating that the residual bubbles were largely suffxaent to 
produce a strong and long lasting echo enhancement. 
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Claims 

1. A frozen suspension of gas bubbles immobilised within a frozen 
5 aqueous carrier medium, characterised in that the carrier medium 

comprising the gas bubbles and usual additives is a physiologically 
acceptable carrier, the immobilised gas bubbles are microbubbles bounded 
by an evanescent envelope or a tangible membrane, the suspension, when 
in liquid form, being injectable and useful as a contrast agent in ultrasonic 
10 imaging of blood pool and tissue of living beings. 

2. The suspension of claim 1, wherein the temperature of the 
frozen medium is between -1°C and -196*^C, preferably between -lOX and 
-76°C. 

15 

3. The suspension of claim 1 or 2, wherein the size of most of the 
microbubbles is below 50 ixm, preferably below 10 ^rni. 

4. The suspension of claim 3, wherein the size of the microbubbles 
20 is between 2 jim and 9 ^m, preferably between 3 Jim and 5 fim. 

5. The suspension of claim 1 or 2, wherein the additives include, as 
surfactants, lamellar phospholipids in the form of mono- or pluri- 
molecular membrane layers. 

25 

6. The suspension of claim 5, wherein the lamellar phospholipids 
are in the form of unilamellar or multilamellar liposomes. 

7. The suspension of claim 5, wherein the lamellar phospholipids 
30 are saturated phospholipids. 

8. The suspension of claim 6 or 7, wherein the phospholipids are 
selected from phosphatidic acid, phosphatidylcholine, phosphatidyl- 
ethanolamine, phosphatidyiserine, phosphatidylglycerol, phosphatidyl- 

35 inositol, cardiolipin and sphingomyelin or mixtures thereof. 

9. The suspension of claim 1 or 2, wherein the additives include 
substances selected from dicetylphosphate, cholesterol, ergosterol. 
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10 



15 



20 



phytosterol sitosterol, lanosterol, tocopherol, propyl gallate, ascorbyl 
palmitate and butylated hydroxytoluer^e. 

10 The suspension of claim 1 or 2, wherein the additives include 
sorbitol or non-ionic surfactants such as polyoxyethylene/polyoxy- 
propylene copxilymers. 

11 The suspension of any of preceding claims, wherein the 
additives include viscosity enhancers and/or stabilisers selected from 
linear and cross-linked poly- and oligo-saccharides, sugars, hydrophihc 
polymers and iodinated compounds in a weight ratio to the surfactants 
comprised between about 1:5 and 100:1. 

12 The suspension of any of preceding claims, wherein the 
additives further comprise up to 50% by weight of non-laminar 
surfactants selected from fatty acids, esters and ethers of fatty acids and 
alcohols with polyols. 

13 The suspension of claim 12, wherein the polyols are 
polyalkylene glycols, polyalkylenated sugars and other carbohydrates, and 
poly-alkylenated glycerol. 

14 The suspension of claim 1 or 2, containing 107 - 108 
microbubbles/ml, 10^ - 10^ mioobubbles/ml or 10'' - IQlO microbubbles 



25 /ml. 



15. The suspension of claim 1 or 2, wherein the membrane is made 
of synthetic or natural polymer or protein. 

30 16 The suspension of claim 15, wherein the polymer is selected 

from polysaccharides, polyamino acids and their esters, polylactides and 
polyglycolides and their copolymers, copolymers of lactides and lactones, 
polypeptides, poly-(ortho)esters, polydioxanone, poly-fi-aminoketones, 
. polyphosphaze-nes, polyanhydrides, polyalkyl-(cyano)-acrylates, 

35 polyolefins, polyacrylates, polyacrylonitrile, non-hydrolyzable polyesters 
polyurethanes and poly-ureas, polyglutamic or polyaspartic aad 
derivatives and their copolymers with other amino aads. 
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17. The suspension of claim 15, wherein the protein is albumin. 

18. The suspension of claim 1, wherein the gas is selected from 
halogen containing gases, air, oxygen, nitrogen, carbon dioxide or 
mixtures thereof. 

19. The suspension of claim 18, wherein the halogen-containing gas 
is selected from the group consisting of SF6, CF4, C2F6, C2F8, C3F6, C3F8, 
C4F6, QFs, C4F10, C5F10. C5F12 and mixtures thereof. 

20. A method of storing microbubble suspensions according to 
claims 1-19, characterised by the steps of; 

a) placing the liquid suspension into a cooling device, 

b) immobilising the microbubbles by cooling to a temperature below 
the freezing point of the suspension, preferably a temperature 
between -1°C and -196 °C, and more preferably a temperature 
between -10°C and -76°C and, 

c) maintaining the freezing conditions for prolonged periods of 
time. 

21. The method of claim 20, wherein the frozen suspension is kept 
in an atmosphere of an inert gas or a mixture of gases at least one of 
which is the gas encapsulated in the microbubbles. 

22. The method of claim 20, wherein the microbubbles contain gas 
or mixture of gases at least one of which has a boiling point below -18°C. 

23. The method of claim 20, wherein prior to its use the suspension 
is defrosted and maintained at room temperature for a period of time. 

24. Injectable suspensions of claims 1-19 for use in ultrasonic 
imaging of organs and tissue. 

25. Use of injectable suspensions of claims 1-19 for the manufacture 
of ultrasound echographic contrast agents. 
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Figure 1 
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Figure 2 
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